factor. An illustration of a two-dimensional example of m can be seen in Figure 1a .
534 Hirzel et al. (2002) described the species sample covariance matrix, which we denote as R H , 535 by the formula
This formula incorrectly describes the covariance of the P variables within the species habitat, 538 because the columns of S were originally centered on the column means of Z. The covariance of 539 S must be centered on the column means of S; the correct formula is
This is a subtle distinction that we will later discuss in greater detail.
542
We may calculate an overall marginality M from the marginality factor m, which we define
M can be interpreted as the distance between the centroid of the species' niche and the centroid 546 of the global niche.
547
Specialization and sensitivity
548
For a single ecological variable, Hirzel et al. (2002) defined the specialization as
where G is the standard deviation of the global distribution, and S is the standard deviation 551 of the species distribution. Whereas the first factor of the ENFA describes the marginality, the 552 remaining factors are constructed to maximize the specialization of the species and to be orthog- 
569
To find a vector u that satisfies (A.9)-(A.11), we define a = R S 1/2 m, b = a/ p a | a, and
. It can be shown that the eigenvectors v j of the symmetric matrix .14) 572 are orthonormal to m, and H has one null eigenvalue. Furthermore, the eigenvectors v j of H 573 relate to the vectors u j by
The P 1 specialization factors are given by the vectors u j , and the eigenvalues j of H give the 576 ratio of global variance to species variance expressed in each specialization factor. The eigenval-577 ues usually shrink quite rapidly, allowing us to describe most of the specialization with just the first few factors, similar to other methods of factor analysis such as principal component analysis.
579
As it turns out, the two di↵erent formulations of the species covariance matrix do not im-580 pact the construction of the ENFA factors. This means that the same vector u that maximizes
where
and u | m = 0. To prove this, it su ces to show that
The element r ij of R S is given by
and element h ij of R H is given by
By definition, .27) This means that
It is not generally true, however, that m | R S m = m | R H m, which means that the quantity
will not reflect the amount of specialization on the marginality axis. 
Historical available habitat Historical used habitat Future used habitat 
